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Introduction 

The Act on the Sale of Electricity to the Grid (StrEG) and the Renewable Energy Sources Act (EEG) led 

to a boom in the installation of photovoltaic (PV) systems in Germany particularly in the years 2005 

through 2012. The installed power output of solar power plants grew by more than 60% annually in the 

years 2007 to 2010. The great demand for PV modules and inverters brought about a rapid increase in 

the number of manufacturers of photovoltaic components worldwide. Installation companies were able 

to meet the demand for installing PV systems only through the massive support from auxiliary personnel. 

By the yearôs end, bottlenecks in installing and connecting the systems arose because of the EEG 

deadline regulation. As a result, the quality of the system installation unfortunately often fell by the 

wayside. 

In 2006, individual cases of electric arcs and their 

extension to roof constructions could already be 

observed. In 2008 and 2009, reports on PV 

component fires increased in frequency.  

In June 2009, larger fire damage originating from 

what was then the worldôs most powerful PV roof 

system in Bürstadt (Hesse) caught great public 

attention and became a ñhot topicò in the order of 

business.  

Long-term studies of PV systems found burn and 

overheating marks on various PV system 

components. The flaws discovered in inspections of the systems, such as damaged or discolored 

modules, weathered cables, local fusion in junction boxes and improper installations, as well as fire 

incidents of various degrees of severity, have led to a drastically increased awareness of the safety 

aspect of PV systems, especially roof-mounted systems and building-integrated PVs (BIPVs). In 

addition to economic and environmental considerations, this aspect plays a fundamental role in the 

acceptance and further spread of photovoltaics. 

PV systems are almost always energized, even in overcast weather. The trend towards increasingly 

larger systems has led to the realization of DC voltages of 1,000 V and soon 1,500 V. Contact protection 

and especially protection against electric arcs are accordingly becoming more important.  

Another aspect is the safety of emergency personnel and firefighters in particular. Here there has 

prevailed widespread uncertainty, which in part led to drastically exaggerated or even false reports in 

some media and consequently to public qualms about the safety of roof-mounted PV systems. 

Here are just a few representative headlines from 2010 and 2011:  

 

 

Photo: 

www.photovoltaik.eu 

 

http://www.google.de/imgres?imgurl=http://www.photovoltaik.eu/Cache/GENTNER/10021/BrandPhotovoltaik-NIX-1_NTM0NDI0Wg.JPG&imgrefurl=http://www.photovoltaik.eu/Tauber-Solar-und-BP-Solar-streiten-weiter,QUlEPTQ0MDkxOCZNSUQ9MzAwMjE.html&h=423&w=600&tbnid=ocoGgL4a06DL8M:&zoom=1&docid=Ftn5fc7pFAU0SM&ei=G3LsVP-0MMnhywP1z4LQCQ&tbm=isch&iact=rc&uact=3&dur=12407&page=2&start=24&ndsp=34&ved=0CLQBEK0DMC8
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For the risk analysis and derivation of recommendations for action for emergency personnel, various 

series of experiments were performed with the participation of the fire departments and the German 

Federal Agency for Technical Relief (THW) for assessing the electrical hazards from PV facilities and 

fire-related emissions from PV modules (including thin-film modules). 

Reviews and systematic causal analyses of known incidents of damage on the one hand and 

fundamental, scientifically substantiated studies of PV modules on the other hand made possible a 

realistic assessment of electric arc hazards as part of this research project. Support in this regard was 

provided by the feedback from PV experts, fire departments and operators of PV facilities in an initiated 

online survey on fire and overheating damage to PV systems. A significant share of the derived findings 

was provided by a generally recognized procedure for risk assessment (FMEA), employed by an expert 

committee for system analysis covering all components of a PV system including installation and system 

operation. 

On the basis of the identified risk potential, studies on the component and system levels regarding the 

possibilities of risk reduction yielded concrete recommendations for action for the component 

manufacturers as well as for planners and installers of photovoltaic systems. In addition, significant 

results concerning risk minimization were taken up by the PV standardization committees.  

In the course of the project, the three public, well attended workshops in Cologne and Freiburg afforded 

ample opportunities for technical discussions in addition to the presentation of the work results. In 

addition to the projectôs homepage at http://www.pv-brandsicherheit.de, numerous publications on the 

subject of preventive fire protection in cooperation with the industrial associations DGS and BSW and 

with the Munich Fire Department made the obtained findings available to the general public and in 

particular to emergency services. 

Particular issues were or are being pursued in separate, advanced research projects such as fire tests 

on BIPV modules, switches and disconnectors for photovoltaic systems, inspection of electric arc 

detectors and risk assessments for PV systems with storage solutions (accumulators).   

http://www.pv-brandsicherheit.de/
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1 Status of PV system designs and requirements 

1.1 PV system design 

A photovoltaic (PV) system converts solar energy directly into electrical energy by means of several 

solar modules (a string) electrically connected in series. In the case of a grid-connected PV system, 

inverters aid in converting the direct current produced in the solar modules to alternating current, which 

may then be fed into the grid via transformers. 

 

Figure 1-1: Grid-connected PV system with direct feed 

The diagram shows the schematic layout of a grid-connected photovoltaic system, consisting basically 

of the following main components: 

(1) PV generator (several PV modules connected in series and in parallel with mounting frame) 

(2) Generator junction box (with protective technology) 

(3) Direct current wiring 

(4) DC main switch 

(5) Inverter 

(6) Alternating current wiring 

(7) Meter cabinet with sub-circuit distribution, consumption and feed meters and house connection 

Single-family homes often employ only module strings, so that the strings can be directly connected to 

the inverter and the aforementioned generator junction box omitted.  

In cases of larger systems, generator junction boxes (GJBs) are used for the parallel connection of the 

strings. Very large systems and systems with many separate inverters employ DC coupling boxes 

interconnecting multiple GJB outgoing lines.  

The generator junction box contains connecting terminals and disconnection points as well as possibly 

string fuses and string diodes. Often the generator junction boxes contain integrated surge arresters for 

diverting overvoltage to the ground. The potential equalization or grounding conductors therefore lead 

into the generator junction boxes. 
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The selection of DC switches should make sure that they have the appropriate switching capacity for 

direct current (at least DC 22B switching capacity). 

Lines are differentiated into module lines, string lines, direct current main line and alternating current 

connecting line. The electrical connecting lines between the individual modules of a solar energy 

generator and to the generator junction box are referred to as module lines or string lines. These lines 

are used outdoors. To ensure ground-leakage-proof and short-circuit-proof routing, double-insulated 

single-core cables are used. Solar energy lines as per EN 50 618 or VDE-AR-E 2283-4 (designation: 

PV1-F) have become standard in outdoor use. The standard version of the double-insulated rubber hose 

line of type H07 RN-F often used outdoors is approved only for operating temperatures of up to 60°C 

and is not UV-resistant. This line should therefore not be used as a solar line. Aging of these lines or 

use of other unsuitable lines can result in insulation flaws and electric arcs. 

 

1.2 Categorization of different PV systems 

Generally PV systems can be divided into open-space systems and building systems. Building systems 

can in turn be classified as roof-parallel elevated systems on pitched roofs, elevated systems on flat 

roofs or (seldom) on pitched roofs, roof-integrated systems, PV curtain walls and facade-integrated 

systems. The roof-parallel systems often comprise the largest interconnected module fields and under 

certain circumstances may hinder firefighting more. Generally the integrity of the fire compartments must 

be maintained. Construction over fire compartments is not permitted. 

 

Table 1-1: Categories of PV systems 

Open-space facility,  

Source: Krug Immobilien GmbH 

 
Pitched roof: roof-parallel system, 

source: www.photovoltaik.org 

 
BIPV: roof-integrated PV system, 

source: Photovoltaik Buero 

 
Flat roof: elevated PV system, source: 

Solaranlagen-Portal 

 
BIPV: facade-integrated system, 

source: Solarfabrik GmbH 

 
Oldenburg PV wall curtain, source: 

Colt Int. GmbH 

In line with the electrical circuitry concept, we can distinguish between PV systems with central inverters 

and those with decentralized inverters. Systems with central inverters rarely occur with small voltages 

(up to 120 V), but typically with higher DC voltages (up to 1,000 V, in the future also 1,500 V). Large 

systems occasionally employ master-slave devices or even inverters with assigned medium-voltage 

transformers. 

http://www.photovoltaikbuero.de/wp-content/uploads/2014/12/Referenz-1.jpg
http://www.pv-magazine.com/fileadmin/uploads/bilder/pvi_Bilder_fur_Nachrichten/bipv_Image_Solar_Fabrik_GmbH-pv_resources.jpg
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Decentralized systems are implemented with multiple string or subgenerator inverters, with module 

inverters or with module-oriented direct current converters (power optimization). 

 

1.3 Status of the requirements on components, systems and installation 

Studies on the causes of fire incidents involving PV systems have shown that to a rough approximation 

1/3 of the damage cases are due to component defects, 1/3 to deficient planning and 1/3 to faulty 

installation (see section 3.3.2, Statistical damage analyses) 

This section lists the current standards and requirements from the German Renewable Energies Act 

(EEG) for the most important PV system components. One reason ï among many others ïfor installation 

errors is that the manufacturerôs documentation often contains insufficient or even no information on 

possible danger sources. An overview will show what types of information are typically provided by 

manufacturers and which types would also be desirable to have. In addition, we list guidelines and 

special connection conditions from the energy industry.  

 

1.3.1 Standards, regulations and guidelines 

Regarding photovoltaic systems we must distinguish between standards that are applicable generally 

and therefore to PV systems in particular and standards specially devised for PV systems. The most 

important series of standards for low-voltage systems in general is the DIN VDE 0100, based on the 

European Low-Voltage Directive. Most standards pertaining to PV systems are compiled in the DIN VDE 

0126 series. 

Besides these standards, we also have the more detailed application guidelines of the VDE, the 

guidelines of the BDEW, in particular the medium-voltage guidelines, and the accident prevention 

regulations of the workers' compensation boards (Berufsgenossenschaften). 

The Deutsches Institut für Bautechnik (DIBt) has published a set of instructions for assembling and 

installing PV systems and defined construction regulations in the building regulation list with relevance 

to PV modules and their application (download link in Appendix II, p. 253). 

For the building rules and building standards the Deutsches Institut für Bautechnik (DIBt) regularly 

publishes the building regulation list and interprets the European Construction Products Regulation (EU-

CPR) for Germany. This also yields requirements for PV systems and their components. The 

requirements (mechanical strength, structural stability, fire protection, etc.) are given in the bulletin 

óHinweise f¿r die Herstellung, Planung und Ausf¿hrung von Solaranlagenô (Information on the 

Manufacture, Planning and Implementation of Solar Energy Systems), published in November 2012. 

The industry association BSW and the professional association DGS are also working on the 

development of professional rules and on standardization in the field of solar energy. Examples are 

professional rules for the planning, installation and maintenance of PV systems in accordance with fire 

protection (download link in Appendix II, p. 253). 

The lists given here present an overview only of the most important standards and series of standards 

in reference to photovoltaics and make no claim to completeness.  
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1.3.1.1 Requirements on PV system configuration 

General requirements on low-voltage systems up to 1,500 V DC system voltage, which also include PV 

systems, are formulated in the international series of standards DIN IEC 60364 Low-Voltage Electrical 

Installations, listed in the VDE as DIN VDE 0100. The series contains, among other things, safety 

regulations, terminological definitions and instructions on selecting, designing and assembling operating 

equipment, and defines the required resistance of the system to external factors. DIN VDE 0100-712, 

Requirements for Special Installations or Locations ï Photovoltaic (PV) Power Supply Systems, refers 

in particular to PV systems. It explains the basic design of the systems, in particular its connection to 

necessary switchgear, and requires protective measures against fault currents, overcurrents and surges 

and contact with live components as well as against environmental factors, but only superficially treats 

these subjects. They are discussed in further depth in the respective generally applicable standards on 

these subjects, namely DIN EN 62305-3 on Protection against Lightning and Overvoltage, DIN EN 

61140 on Protection against Electric Shock and DIN EN 61439-1 on Low-Voltage Switchgear and 

Controlgear Assemblies. 

 

In addition, on some subjects there also exist standards on generating systems in general and on PV 

systems in particular. DIN EN 61173 on Overvoltage Protection for Photovoltaic (PV) Power Generating 

Systems explains measures for avoiding surge damage, in particular potential equalization, grounding 

and shielding. Supplement 5 to DIN EN 62305-3 contains similar information on lightning protection. 

The necessary switchgear and grid interface of a PV system are described in VDE AR 4105 and DIN 

EN 61727.  

Limits for grid perturbations are also defined. Guideline VdS 3145 formulated by the VDE and GDV 

contains a compilation of specifications on PV system safety. They include safety recommendations for 

planning and operating the systems, both on the system level and for individual components. Particular 

focus lies on the avoidance and limitation of fires as well as on the resistance of the system to 

environmental factors, also in view of state building regulations. 

Some special cases of PV applications are also treated by standards and guidelines: DIN EN 61194 

states the parameters of the different components of a PV stand-alone system and states the 

requirements on its documentation.  

DIN EN 62124 (VDE 0126-20) contains requirements on the design qualification of storage systems 

operated in conjunction with PV systems. Charge controllers for such PV accumulators are treated in 

DIN EN 62509.  

To ensure the safety of emergency services in the event of a fire, application guideline VDE-AR-E 2100-

712 specifies measures for preventing contact with live components. Especially highlighted are the 

installation requirements on the DC lines and the labeling of the cable routing in a schematic accessible 

to firefighters. The following table summarizes the currently available standards on the configuration of 

photovoltaic systems.  
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Table 1-2: Important standards and series of standards pertaining to the configuration of PV systems 

System configuration 

Designation Content 

DIN EN 61277 

Terrestrial photovoltaic (PV) power generating 

systems ï General and guide 

General information on PV systems 

DIN IEC 60364 

DIN VDE 0100  

Erection of low-voltage installations 

Design, connection and components of low-

voltage systems, protective measures 

DIN VDE 0100-712 

Requirements for special installations or 

locations ï Solar photovoltaic (PV) power 

supply systems 

PV-specific part of DIN VDE 0100. Covers 

design of PV systems and necessary protective 

measures 

DIN EN 61140 

Protection against electric shock 

Contains measures for preventing injuries from 

electric shock 

DIN EN 61439 

Low-voltage switchgear and controlgear 

assemblies 

Regulates the combination of switchgear units 

in a building unit 

DIN VDE 0126-1-1 

Automatic disconnection device between a 

generator and the public low-voltage grid 

States requirements and disconnection 

parameters for an automatic switch at the grid 

interface 

(obsolete, superseded by VDE AR-N 4105) 

DIN EN 61727 

Photovoltaic (PV) systems ï Characteristics of 

the utility interface 

Defines requirements on the grid interface of a 

PV system and lays down limits for grid 

perturbations 

DIN EN 62305-3 Bbl 5 

VDE 0185-305-3 Bbl 5 

Lightning and overvoltage protection for 

photovoltaic power supply systems 

Contains information on lightning and 

overvoltage protection for PV systems (no 

standardized specifications) 

DIN EN 61173 

Overvoltage protection for photovoltaic (PV) 

power generating systems 

States measures against overvoltage damage 

to PV systems 

DIN EN 62124 

VDE 0126-20 

Balance-of-system components for photovoltaic 

systems ï Design qualification for natural 

environment 

Contains criteria for the design suitability of 

balance-of-system components, mainly 

accumulators 

DIN EN 61194 

Characteristic parameters of stand-alone 

photovoltaic (PV) systems 

States parameters of various components of a 

stand-alone PV system 
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System configuration 

Designation Content 

VDE-AR-E 2100-712 

Measures for the DC range of a PV installation 

for the maintenance of safety in the case of 

firefighting or technical assistance 

States measures for avoiding contact with live 

components in case of fire 

VDE-AR-N 4105  

Generators connected to the low-voltage 

distribution network ï Technical requirements 

for the connection to and parallel operation with 

low-voltage distribution networks 

States requirements on the technical connection 

conditions of the distribution grid operators  

 

 

1.3.2 Requirements on PV modules 

PV modules generally undergo design testing prior to use or marketing. The requirements on design 

suitability are laid down in DIN EN IEC 61215 for crystalline and DIN EN IEC 61646 for thin-film modules, 

and contain comprehensive aging and stress tests. Besides resistance to temperature fluctuations, UV 

radiation, moisture, wind and other mechanical influences, electrical characteristics of the modules are 

also examined.  

Safety aspects are tested irrespective of the cell technology as per DIN EN 61730-1 and DIN EN 61730-

2. Part 1 describes the design and material requirements. Part 2 describes the tests on modules pre-

aged as per DIN EN IEC 61215 or DIN EN IEC 61646. These additional stress tests include mechanical 

stress, fire tests and intensified insulation resistance measurements. Design certification as per DIN EN 

61730 forms the basis of CE marking of PV modules for the European market. Modules meeting class 

A requirements as per DIN EN 61730-1:2004 apply as protection class II operating equipment as per 

DIN EN 61140.  

The quality seal as per RAL GZ 966 is issued if the RAL quality and test requirements for solar energy 

systems are met. This set of quality marks and quality criteria defines the target requirements for the 

manufacture of high-quality components as well as for the proper conception and professional 

execution, servicing and operation of solar energy (photovoltaic and solar heat) systems. The RAL-

Gütegemeinschaft für Solarenergieanlagen e.V. is one of 130 independent quality associations 

specifying and monitoring the RAL quality and test requirements of their respective industrial and service 

sectors (RAL since 1980: Deutsches Institut für Gütesicherung und Kennzeichnung e. V.) 

DIN EN 50380 regulates the data sheets issued by the manufacturers for each module series as well 

as the mandatory data on the model plates. DIN EN IEC 60904-1 also defines the standard test 

conditions (STC) for determining electrical parameters of modules. DIN EN 50548 formulates 

requirements on module junction boxes. The international version of this standard, IEC 62790, will 

supersede this European standard in the future. Methods for testing the conformity with these 

requirements are also laid down. Requirements on PV plug connections are described in IEC 62852 (or 

DIN EN 50521). For PV lines there exists a draft standard, prEN 50618, based on the applicable TÜV 

Rheinland internal test specification 2PfG 1169.  

For the special application of building-integrated photovoltaics, modules must comply with the special 

demands of DIN 18008 (formerly (e.g. Technical Guidelines for Linearly Supported Glazing (TRLV)). 

DIN VDE 0126-21 defines different types of modules for building-integrated use, states application-
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specific demands and refers to other requirements, such as design certification as per DIN EN IEC 

61215 or DIN EN IEC 61646 and DIN EN 61730-1/-2. 

Besides the particular requirements on building-integrated modules, there exist other standards for 

particular areas of application and for particular designs, plus further standards are under development. 

Some examples are modules for maritime or near-coastal applications, modules in noxious gas 

environments, modules operating under concentrated sunlight and modules with integrated electronics 

(such as AC modules). 

 

Table 1-3: Important standards for photovoltaic modules 

Modules 

Designation Content 

DIN EN IEC 61215 

ñCrystalline silicon terrestrial photovoltaic (PV) 

modules ï Design qualification and type 

approvalò 

Type approval for crystalline modules according 

to aging characteristics 

DIN EN IEC 61646 

ñTerrestrial thin-film photovoltaic (PV) modules ï 

Design qualification and type approvalò 

Type approval for thin-film modules according to 

aging characteristics 

DIN EN 61730 

ñPhotovoltaic (PV) modules ï Safety 

qualification ï  

Part 1: Requirements for construction  

Part 2: Requirements for testingò 

Safety qualification of PV modules 

DIN EN 50548 (IEC 62790) 

DIN VDE 0126-5 

ñJunction boxes for photovoltaic modulesò 

Requirements and test procedures for junction 

boxes for use on PV modules 

DIN EN 50521 (IEC 62852) 

ñConnectors for photovoltaic systemsò 

Requirements and test procedures for junction 

boxes for use on PV connectors 

DIN VDE 0126-21 

ñPhotovoltaics in constructionò 

Requirements on building-integrated PV 

modules 

DIN EN 50380 

ñDatasheet and nameplate information for 

photovoltaic modulesò 

Provides information that must be contained in 

PV module datasheets and nameplates 

DIN EN 60904-1 

VDE 0126-4-1 

ñMeasurement of photovoltaic current-voltage 

characteristicsò 

Defines test procedures and standard test 

conditions (STC) for creating module 

characteristic curves 
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Modules 

Designation Content 

DIN EN 13501-1 

ñFire classification of construction products and 

building elementsò 

Fire classifications according to fire behavior, 

for the classification of modules 

DIN 4102-1 

ñFire behaviour of building materials and 

building componentsò 

Fire classifications according to flammability, for 

the classification of modules 

 

 

1.3.2.1 Requirements on PV inverters 

Safety standards for PV inverters are laid down in DIN IEC 62109. Covered are risks from mechanical 

and electrical stress as well as from fire. Also treated is the correct design of the inverter. The electrical 

AC requirements are determined by the technical connection conditions of the distribution grid operator, 

the VDE-AR-N 4105 and the DIN EN 61000 series on ñElectromagnetic Compatibility (EMC)ò. The latter 

concerns the compatibility of grid parameters with connected systems and defines limits for grid 

perturbations and fluctuations. 

DIN EN 50524 governs the content of datasheets and labels for inverters, in particular voltage and 

current parameters at input and output, as well as efficiency, which is specified as a weighted European 

efficiency level. Its measurement is laid down by DIN EN 50530, which also stipulates the test conditions 

and measurement circuits.  

In the event of collapse of the grid voltage, the inverter must automatically disconnect from the grid. 

Tests as per DIN EN 62116 must be performed to check the suitability of measures that are to fulfill this 

requirement. However, no conditions are therein formulated requiring the inverter to be disconnected 

from the grid, since such conditions depend on local factors, in particular the requirements of the 

distribution grid operators (technical connection conditions, German abbreviation: TAB). 
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Table 1-4: Important standards and series of standards for PV inverters 

Inverter 

Designation Content 

DIN IEC 62109 

VDE 0126-14 

Safety of power converters for use in 

photovoltaic power systems 

Defines mechanical and electrical safety 

requirements on PV inverters 

EN 61000 

Electromagnetic compatibility (EMC) 

Electromagnetic compatibility of grid and 

connected systems and equipment 

DIN EN 50530 

VDE 0126-12 

Overall efficiency of grid-connected photovoltaic 

inverters 

Defines test procedures for determining the 

efficiency of PV inverters 

DIN EN 50524 

VDE 0126-13 

Datasheet and nameplate information for 

photovoltaic inverters 

Provides information that must be contained in 

PV inverter datasheets and nameplates 

DIN EN 62116 

VDE 0126-2 

Utility-interconnected photovoltaic inverters ï 

Test procedure of islanding prevention 

measures 

Defines procedures for testing the suitability of 

measures for disconnecting PV inverters with 

abnormal grid voltages 

 

1.3.2.2 Requirements on mounting systems 

At present no special standardizations exist for mounting systems for photovoltaic systems. To be 

applied are instead the general standards for steel and aluminum structures from the European codes, 

namely EN 1990, EN 1993 and EN 1999. They govern the planning, measurements and design of 

support structures.  

DIN EN 1090-1 governs the proof of conformity with European standards and regulations, which is a 

prerequisite for use of the CE mark, for steel and aluminum structures. 

Designing for local environmental influences is performed as per DIN 1055. Besides wind and snow 

loads, temperature effects and effects of earthquakes are also considered here. 
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Table 1-5: Important standards and series of standards for PV mounting systems 

Mounting systems 

Designation Content 

DIN 1055 

Actions on structures 

Specifies load assumptions for different 

environmental influences, in particular wind and 

snow loads 

DIN EN 1993 

Design of steel structures 

Contains information and regulations on the 

design of steel structures 

DIN EN 1999 

Design of aluminium structures 

Contains information and regulations on the 

design of aluminum structures 

DIN EN 1090 

Execution of steel structures and aluminium 

structures 

Governs the proof of conformity (CE mark) for 

steel and aluminum structures 

 

 

1.3.2.3 Requirements on DC components and solar energy storage systems 

The DC components include DC cable, connector and DC circuit breaker. Cable layouts and circuit 

breakers are treated in DIN VDE 0100-712 (see 2.3.2.1 ñRequirements on PV System Configurationò). 

PV plug connections are governed by a separate standard, DIN VDE 0126-3. Besides requirements on 

mechanical and electrical strength, it also contains requirements on shape for protection against polarity 

reversal, relockability and labeling. In addition, test procedures for complying with these specifications 

and aging tests are presented.  

PV-specific specifications on wiring are given in the application guideline VDE-AR-E 2100-712. It 

stipulates routing the lines in at least fire-inhibiting material, if occurring within the building. General 

requirements on cable routing appear in the VDE series VDE 0604. 

The original standard for solar energy storage systems is DIN EN 62093. It formulates criteria for the 

design qualification of all components of a storage system, including charge controllers and batteries, 

as well as test procedures. The focus lies on stress from environmental influences, i.e. mechanical and 

thermal stress as well as moisture.  

Only lead and nickel-cadmium batteries are considered, however. It is supplemented by DIN EN 62509 

and DIN EN 61427-1.  

DIN EN 62509 presents requirements on the power parameters and charge management of PV battery 

charge controllers, to allow maximum possible battery lifetimes. The standard pertains only to lead 

batteries. DIN EN 61427-1 defines operating conditions for solar energy accumulators and contains 

requirements on mechanical stressability, safety and documentation. Test procedures for capacity, 

charge retention, efficiency and service life are also laid down. While the standard covers all common 

cell technologies, including Li ion cells, it refers only to off-grid applications.  

A standard for grind-counted storage systems is in preparation under the designation DIN EN 61427-2 

(as of July 2015). 
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Table 1-6: Important standards for DC components or storage systems 

DC components and solar energy storage systems 

Designation Content 

DIN EN 50521 

DIN VDE 0126-3 

Connectors for photovoltaic systems ï Safety 

requirements and tests 

Contains requirements on the mechanical and 

electrical strength of PV connections and 

defines test procedures for approval 

DIN EN 62093 

VDE 0126-20 

Balance-of-system components for photovoltaic 

systems ï Design qualification for natural 

environment 

Contains requirements on the design 

qualification of solar batteries and their charge 

controllers; geared to lead batteries 

DIN EN 61427-1 

VDE 0510-40 

Secondary cells and batteries for renewable 

energy storage ï General requirements and 

methods of test 

Requirements on solar energy batteries in off-

grid applications irrespective of the cell 

technology 

DIN EN 62509 

VDE 0126-15 

Battery charge controllers for photovoltaic 

systems 

Contains electrical requirements on PV battery 

charge controllers, geared to lead batteries 
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1.3.3 Manufacturersô installation instructions 

The manufacturers of the system components publish the requirements on the installation and initial 

start-up of their products in the form of installation instructions (Table 1-7). Besides technical product 

information and assembly instructions, they also include references to relevant standards and provisions 

as well as warranty and guarantee terms.  

Major differences found between the manufacturers in the scope and descriptive detail of the installation 

instructions show that the latter alone often do not suffice for the technically correct installation of a PV 

system. 

 

1.3.3.1 PV modules 

Considered were selected manufacturers from Germany, China, Japan and the United States who cover 

all market segments and common cell technologies. The module series to which the instructions refer 

date to the years 2008 to 2012. Since the manufacturers were chosen arbitrarily, this listing makes no 

claim to completeness. A complete list of module manufacturers, from which these manufacturers were 

selected, was published in the journal PHOTON Profi [source: Market overview of solar modules in: 

PHOTON Profi, 2/2010 issue]. 

 

Table 1-7: Typical contents of installation instructions for PV modules 
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Installation          

Instructions on handling X X X X X X X X X 

Installation by suitable specialist X X X X X  X X X 

Work safety regulations X X  X X X X   

Antifall guard for installer X   X X X    

Inspection for mechanical integrity prior to installation X    X    X 

           

Mechanical requirements          

Instructions on installation location and orientation X X X X X X X X X 

Static strength X X X X X X X X X 

Ventilation of the module rear side X X X X X X X X  

Protection against moisture X X   X X X X X 
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All installation instructions for modules formulate mechanical and electrical requirements on the system 

and specify procedures for their installation. Besides instructions on work safety, they also include 

instructions on handling the modules to prevent damage during installation, such as glass or cell 

breakage and delamination. 

The mechanical criteria demanded by a majority of the manufacturers mainly include an installation 

location free from mechanical stress at any temperature, the use of a suitable mounting system and 

attention to the maximum snow load. In addition, some manufacturers also prohibit modifications to the 

module frame, the module surface or the junction box.  

Other instructions refer to topics relevant to fire protection, such as the presence of flammable materials 

in the vicinity of the modules, fire and surge protection and the proper handling and installation of the 

wiring. 

Most installation instructions also give a detailed treatment of the electrical requirements on PV systems, 

in particular the assembly of strings in compliance with limits on voltages and short-circuit currents. 

Some manufacturers also recommend certain cable cross sections for DC and ground cables. 

Restriction on modifications X X   X X  X X 

Avoidance of flammable materials X X  X  X  X X 

UV protection for cables and junction box X X X   X X X  

Mounting on fire-resistant supporting surface X X  X  X   X 

Lightning protection X    X X X   

Corrosion protection X X   X     

Strain relief of connecting cable X      X   

Instructions on overhead glazing  X     X   

           

Electrical requirements          

Instructions on circuitry X   X X X X X X 

Potential equalization X X X X  X X X X 

Designing for 1.25 UOC and ISC X X  X  X X X X 

Disconnection before work X   X     X 

          

Notes on further regulations          

References to standards X X  X X X X X X 

References to guidelines X X X  X X X X X 

Reference to technical connection conditions (TAB) X         
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Besides the manufacturersô requirements, all installation instructions also refer to standards or other 

provisions and guidelines (VDE, VDEW, TAB), in particular DIN 1055 on load assumptions and IEC test 

standard 61730. 

Altogether noteworthy is that German module manufacturers provide more comprehensive 

installation instructions than their international competitors, especially when it comes to safety 

and protective measures. Manufacturer 1, a well-known German company, covers every 

recorded subject in its instructions. 

Besides the installation instructions, module manufacturers also publish compilations of technical 

information in the form of datasheets. While standardized as per DIN EN 50380, they show small 

discrepancies in scope among the manufacturers.  

 

 

 

1.3.3.2 Inverters 

Installation instructions from European, US and Chinese inverter manufacturers were evaluated.  

Table 1-8 shows an excerpt of the market overview representative of the current market from the journal 

PHOTON (source: Market overview of inverters, PDF version, [1]) 

 
Table 1-8: Typical contents of installation instructions for inverters 
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Installation           

Instructions on handling    X X  X X X  

Installation by suitable specialist X X X X X X X   X 

Work safety regulations X     X    X 

Inspection for mechanical integrity prior to 
installation 

 X X   X    X 

Mechanical requirements           

Restriction on modifications X X X X X X X   X 

Conclusion 

As with the datasheet standard, standardization of installation instructions must 

be demanded. 
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Instructions on installation location X X X X X X X X X X 

- Safety distances X X X X  X X X X X 

- Mounting on flame-retardant material X X X X  X X X   

- Protection against UV radiation X X X X X X X X  X 

- Air feed X X X X X X X  X X 

- Ambient temperature X X X X X X X X  X 

- Protection against wet  X X X  X X X   

Instructions on DC connection X X  X    X  X 

Instructions on AC connection X    X  X  X  

AC cable routing X X X X X X X X X  

Strain relief     X    X  

            

Electrical requirements           

Limits on input voltage and power X X X X X X X X X X 

Residual-current circuit breakers X X X X X  X X X  

AC interconnection X X  X X   X X  

Grounding at inverter X X X X  X X X X X 

Grounding of generator terminal X X X X X X X  X  

            

Notes on further regulations           

References to standards X X X X X X     

References to guidelines X  X  X    X  

Reference to technical connection 
conditions (TAB) 

 X X     X   

 

The installation instructions for inverters are considerably more comprehensive than for other 

components. Besides instructions on installation, they also cover operation and maintenance topics as 

well as contain information on the peripherals of the inverter, such as the residual-current circuit breaker 

and AC cables.  

Nearly all manufacturers require installation on a flame-retardant or non-flammable surface, specify 

safety distances and recommend measures for sufficient heat dissipation at the inverter. Usually they 
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also treat the potential equalization at the generator or grounding at the inverter itself. References to 

more detailed standards and guidelines are contained in all installation instructions to varying degrees. 

Work safety issues are given relatively little attention. While individual protective measures such as 

disconnection before working on the inverter and the consideration of the discharge times of the 

capacitors precede the particular operational steps, references to work safety guidelines, protective 

equipment and to the use of the corresponding tools are usually lacking. Strain relief and fastening the 

connecting cables are also seldom addressed. The various manufacturers treat the subject of 

connection in very different ways. While some instructions provide extensive information or at least some 

notes on connection, others fully neglect the subject.  

 

1.3.3.3 DC cables and connectors 

Some large manufacturers of solar cell connection systems provide special instructions for the user, 

while others limit themselves to brief guides. Mostly Installation instructions and product information are 

found ( 

Table 1-9). Installation instructions for modules also contain in part information on the connecting lines 

and connectors. 

 

Table 1-9: Typical contents of installation instructions for DC components 
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Installation     

Installation by suitable specialist X X   

Work safety regulations X    

Use of suitable tool X X X X 

Inspection for mechanical integrity prior to installation    X 

     

Mechanical requirements     

Restriction on modifications X X  X 

Inspection of the plug connection  X  X 

Compatibility X X   

Protection against dirt X X X  

Protection against moisture X X   

UV protection  X   

Strain relief X    
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Fastening X    

Notes on crimping X X X  

Bending radii X X   

     

Notes on further regulations     

References to standards  X X  

Reference to work safety guidelines X    

References to general provisions  X   

 

Generally the manufacturers allow only trained personnel to handle their system components. The 

products may be neither modified nor combined with other makes. In particular, established 

manufacturers reject combinations with connectors from other manufacturers.  

No connections may be established with dirty or wet connectors. In the cable routing, cables and plugs 

must not lie in water or be exposed to sunlight over long periods of time, junction boxes and plug 

connections must not be stressed and bending radii must be maintained.  

Especially extensive are the instructions for establishing crimp connections. Major manufacturers 

provide detailed and illustrated instructions in this regard, covering, among other things, the use of 

suitable crimping tools from the respective manufacturers. 

The scope of the instructions varies more for cables and connectors than for other system components. 

Documentation from various manufacturers also contains in part contradictory information on the 

compatibility of different systems. In particular, many smaller companies claim compatibility of their 

systems with wide-spread connector systems, while manufacturers of the latter categorically advise 

against combinations with other systems. 

 

1.3.3.4 Mounting systems 

The assembly instructions for mounting systems are comparatively extensive, but geared more to the 

assembly than to the design and static strength of the system ( 

Table 1-10). Accordingly, they contain only few specifications on the condition of the completed 

installation. Generally all manufacturers demand a static inspection of the construction by appropriately 

trained personnel. Local snow and wind loads in particular are to be observed. Some instructions contain 

recommendations for avoiding damage from lightning and overvoltage by means of adapted cable 

routing and grounding of the subframe. 

All manufacturers provide more or less detailed information on work safety during the installation and 

most refer to legal work safety regulations and guidelines of the professional associations. They also 
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specify suitable tools, either generally or also in specific cases. Only one manufacturer recommends 

checking the condition of materials before the start of assembly. 

 

Table 1-10: Typical contents of installation instructions for mounting systems 
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Assembly 

    
  

            

Installation by suitable specialist X X X X X    X 

Work safety X X X X X X X  X 

Antifall guard for installer   X X X X X  X 

Use of suitable tool X   X  X X   

Check of screwed connections X X X X X     

Requirements for installation conditions (weather 
condition - no moisture) 

 X        

Inspection for mechanical integrity prior to 
installation 

X         

           

Mechanical requirements          

Static inspection X X X X X X X X X 

Snow loads X X   X X X X X 

Wind loads X X X  X X X X  

Lightning and surge protection  X X X X X  X  

Water drainage X  X     X  

           

Notes on further regulations          

References to standards X X X X X X  X  

Reference to work safety guidelines X X X X  X X   

References to general provisions X X X X X     

 

The assembly instructions for mounting systems differ only slightly in scope; only one manufacturer 

provides additional information on requirements for module orientation and cable routing. Nearly all 

instructions refer to standards on the layout of the mounting technology. Often mentioned are DIN 1055 

on ñActions on structures,ò DIN 4113 on aluminum constructions, DIN 18800 on measuring steel 
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structures and DIN 4102 on fire characteristics of construction materials. In addition, some assembly 

instructions also mention national construction regulations (regional building codes). 

1.3.4 Installation requirements of the distribution grid operators 

The installation requirements of the distribution grid operators (VNB) for connecting PV systems to low-

voltage and medium-voltage grids are formulated in the Technical Connection Conditions (TAB), which 

as per § 19 of the German Energy Industry Act must be made publicly accessible. The TABs refer to 

the connection of domestic and industrial consumers, in addition to generation systems operated in 

parallel with the grid. They define limits on grid perturbations pertaining to system safety and stability, 

prescribe protective and monitoring equipment and regulate the properties of the fed-in electrical power. 

While the distribution grid operators of the major energy utilities (such as On-edis, Westnetz) issue their 

own TABs, the smaller distribution grid operators employ the guidelines created by the Federal 

Association of the German Energy and Water Industries, which contain no regulations on generating 

systems, but refer to the VDE application guideline on ñGenerators Connected to the Low-Voltage 

Distribution Network,ò VDE-AR-N 4105:2011-08, or to the ñTechnical Guideline on Power Generating 

Systems at the Medium-Voltage Power Gridò. Besides the technical connection parameters, the TABs 

also regulate organizational procedures for registration, commissioning and maintenance of the 

connection. 

 

1.3.4.1 Grid connection 

The system is connected to the distribution network via the grid connection or node. For systems > 30 

kW this will generally be the previous connecting point of the property. A meter connection column as 

per VDE-AR-N 4102 is then to be set up as a switching and disconnecting point, to which the TABs 

require unrestricted access for the distribution grid operators, unless an automatic disconnection device 

was installed. Like the rest of the system, the connection may be set up only by qualified specialist 

companies.  

In addition, the distribution of the power input over the phases of the grid connection is regulated. The 

asymmetry between the external conductors with feed-in to the low-voltage grid must not exceed 

4.6 kVA; from 5 kWp a system generally requires a three-phase connection. Up to 30 kWp the three-

phase connection can also be established by using multiple single-phase connections to the phases of 

distributed inverters, if the maximum permissible asymmetry is not exceeded. 

 

1.3.4.2 Measurement technology 

The electricity meters documenting the consumed or produced energy must be designed according to 

the level of the connection power. The TABs stipulate load profile meters from 100,000 kWh of 

consumed energy per year or 100 kW of fed-in power. The TABs also organize the provision, installation, 

operation and readout of the measuring equipment. The meter cabinet with connection and mounting 

equipment is provided by the customer. Depending on the distribution grid operator, a remote readout 

accompanies operation of the load profile meters, either by radio signal or by telephone line. With regular 

operating currents > 60 A the electricity meter has the form of a measuring transformer. In the event 

that the customer opts for comparative measurements, the TABs arrange for shared use of the 

transformer. 
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1.3.4.3 Switch and remote control technology 

For galvanic isolation as per DIN VDE 0105 part 100, a switch device with load switch capacity is 

specified at the AC end. For systems Ò 30 kWp this can be an automatic disconnection device with two 

parallel grid monitoring units, each coupled in series with a load disconnect switch or power switch. The 

switch device is triggered if the voltage or frequency limits defined in the TABs are exceeded or the 

connection to the local power transformer is broken and must be designed for the maximum short-circuit 

current. Following a power outage in the distribution network, the system may switch back on at the 

earliest after 3 minutes (low voltage) or 15 minutes (medium voltage). 

Besides the automatic disconnection the TABs require for PV systems the installation of a ripple control 

receiver for limiting the maximum feed-in power. The signal is transmitted via the phone connection, by 

radio or through audio frequencies in the grid, depending on the network operator. Power generation is 

reduced in the increments 60%, 30% and 0% of the maximum feed-in power and is converted by relay. 

Systems Ò 30 kWp require no ripple control receiver, if the feed-in is permanently throttled to 70% rated 

generator power. 

 

1.3.4.4 Reactive power compensation 

The TABs obligate the operator of a power generator to provide a certain share as reactive power. Its 

power factor cos  is specified by the distribution grid operator, is graduated according to system size, 

operating point and rate period of the feed-in and lies in the range of 0.9 (underexcited) to 1. Consumed 

or fed-in reactive power exceeding the tolerances is charged to the system operator according to the 

conditions stated in the TABs. Capacitors installed for the reactive power compensation must always 

cut in and shut off together with the generator, in order to avoid capacitive reactive power. 

 

1.3.4.5 Grid perturbations 

Generally other grid components and connections must not be perturbed by operation of the generator. 

In specifying limits for disturbance variables, some TABs refer to DIN EN 61000-2-2, while others define 

their own limits. Conformity with the grid operatorôs requirements comes with the manufacturerôs 

declaration or the operatorôs own calculations.  

The individual disturbance variables defined for the limits are:  

Voltage pulses from cutting in or shutdown of the generators or major consumers, flickering at the grid 

connection point, harmonic currents and voltage asymmetries between the external conductors. In 

addition, some TABs also contain limits for impairment of intra-grid audio frequencies for ripple control 

receivers. 

 

For avoiding grid perturbations, the system is disconnected from the grid if the maximum registered 

feed-in is exceeded. 
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1.4 Maintenance status and quality assurance 

1.4.1 Manufacturerôs warranty and guarantee conditions 

Most components of a PV system come with a manufacturer's guarantee in addition to the legally 

required product warranty. The manufacturerôs guarantee is tied to the particular manufacturerôs 

guarantee conditions, which demand measures for maintenance and servicing in addition to proper 

installation. The specifications of the guarantee conditions are generally implemented, since failure to 

do so would void the manufacturer's guarantee. 

Besides the manufacturerôs guarantees, there is also the installerôs warranty, which depending on the 

type of contract holds for two (purchase agreement), four (construction contract) or five (contract for 

services) years. In addition, many installers also provide further services for promoting sales. 

The terms ñwarrantyò and ñguaranteeò are used in various ways in this regard, and sometimes 

incorrectly. For example, a manufacturer will use the term ñLeistungsgewªhrleistungò (performance 

warranty) in the German translation of the guarantee conditions for the manufacturerôs products.  

The following discusses in more detail the guarantee conditions for the individual components. We 

exclude DC components, since they are covered only by the two-year legal warranty. Our lists of 

manufacturers make no claim to completeness, but represent a comprehensive cross section of the 

market. 

 

1.4.1.1 PV modules 

The manufacturerôs obligations over the module service life break down into three different warranty and 

guarantee claims. 

The legal warranty applies for 24 months from delivery of the module and comprises functionality and 

appearance.  

In addition, all module manufacturers provide a product warranty or guarantee that is valid for 5 to 10 

years. It covers production as well as material defects and for some manufacturers also includes aging 

beyond usual extent.  

The performance guarantee goes into effect in case of reduced power by the module. This guarantee 

stipulates linear or graduated degression rates for the product service time below which a replacement 

must be provided.  

Common are periods of 10 years for a performance guarantee over 90% of the module power and over 

20 years for 80% of the power. Manufacturers are increasingly providing performance guarantees of up 

to 30 years, with a linearly expected annual loss in power of 0.5 to 0.7%. [2] 

Regarding performance guarantees, it must be kept in mind that power tolerances (module datasheet) 

are always used in solar module calculations. Added are measurement tolerances making verification 

of the claim for the performance guarantee difficult. In case of a specified module power tolerance of 

±3% and a measurement tolerance of ±3% as well, a power reduction greater than 10% can be verified 

only if the measurement value is less than the rated power by more than 16%. Table 1-11 contains an 

overview of warranty and guarantee conditions from different manufacturers. 

All three forms of warranty provide compensation by exchanging or repairing the module in question, or 

financially in the form of reimbursement of the residual value or payment for revenue lost because of 

http://www.photovoltaik.org/wissen/leistungstoleranz
http://www.photovoltaik.org/wissen/leistungstoleranz
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the reduced performance. Some manufacturers also assume the costs incurred from replacement and 

transport of the modules. 

Table 1-11: Criteria in module manufacturersô warranty and guarantee conditions 
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Types of warranty and periods [years]                 

Legal warranty 2 2 2 2 2 2 2 2 

Product guarantee/warranty 10 12 5 5 10 10 10 10 

Performance warranty 25 25 25 20 30 25 25 25 

                  

Warrantee                 

End customer X X     X   X   

First purchaser   X X X X X   X 

                  

Damage                 

Material and workmanship flaws X X X X X X X X 

Reduced performance X X X X X X X X 

Visual flaws   X       X     

                  

Services                 

Exchange of product X X X X X X X X 

Repair X X X X X X X X 

Acceptance of replacement costs X X X (X)   X     

Reimbursement of residual value X     X X X   X 

Compensation for loss of revenue from reduced 
performance X             X 

                  

Conditions                 

Installation as per installation instructions X X X X X X X X 

Proper assembly X X X X X X X X 

Normal use X X X X X X X X 

Regular maintenance X   X   X X     

Use in original system X     X X   X X 
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Exclusion of liability for:                 

Stand-alone systems X X X X X X X X 

Force majeure X X X X X X X X 

Vandalism X X X X X X X X 

Combination with other module types X X X X X X X X 

Overvoltage, grid perturbations   X       X X X 

 

A precondition for warranty claims is proper use of the module as intended, in particular compliance with 

the installation instructions (see 2.3.1 Manufacturersô Installation Instructions). Ascertained 

infringements of the installation instructions or generally recognized codes of practice void all warranty 

claims against the manufacturer and revert to the constructor of the system if the latter is still liable. 

About half of the module manufacturers require appropriate maintenance of the system for continuation 

of liability. Hardly any of the manufacturers state this requirement in terms of maintenance intervals or 

scope of the measures, however. Merely one set of installation instructions recommends an annual 

visual inspection of the wiring and mounting system. 

 

1.4.1.2 Inverters 

Unlike modules, inverters do not come with any separate performance guarantee. Reduced 

performance is instead covered by the manufacturer's guarantee, which applies alongside the two-year 

legal warranty and runs for two to seven years.  

In addition, some of the manufacturers offer an incremental extension of the product guarantee for up 

to 25 years, at an extra charge. In a warranty case, the defective device is generally repaired or replaced 

by the manufacturer. Financial compensation is not provided for. 
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Table 1-12: Criteria in warranty and guarantee conditions for inverters 
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Forms/max. period [years]          

Warranty 2 2 2 2 2 2 2 2 2 

Factory product guarantee 5 7 2 5.5 5 5 12 2.5* 5 

Product guarantee subject to extra charge 20 25 20 - - 20 - - - 

           

Warrantee          

End customer X X X  X X X X  

First purchaser    X     X 

           

Damage          

Material and workmanship flaws X X X X X X X X X 

Reduced performance X X X X X X X X X 

Visual flaws   X X      

Services          

Exchange of product X X X X X X X X X 

Repair X X X X X X X X  

Acceptance of replacement costs (X) X X X (X)  (X) (X) X 

Reimbursement of residual value       X   

Compensation for loss of revenue from reduced 
performance 

   X      

Conditions          

Installation as per installation instructions X   X X X X X X 

Proper assembly X X X X X X X X X 

Normal use X X X X X X X X X 

Regular maintenance X   X* X X X   

Exclusion of liability for:          

Force majeure X X X X X X X X X 

Overvoltage, grid perturbations X X X X X X  X X 

Infringements of common regulations  X X X X X X  X 

*Only for some product series 
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Asserting a claim under the guarantee presupposes that the inverter has been properly mounted and 

operated. Not all manufacturers refer to the installation instructions, however, but instead refer to 

common regulations, mainly those from the VDE. No liability exists for damage caused by force majeure 

or overvoltages. Exempted from the guarantee are usually also wear parts like filters and varistors.  

Manufacturers differ greatly in the requirements on maintenance. While some of them state no express 

conditions at all, others require merely ñproper operationò of the inverter. Still others even mention 

specific measures, such as cleaning the air filters or a visual inspection of the connection terminals, and 

specify maintenance intervals. 

 

1.4.1.3 Mounting systems 

For mounting systems, a ten-year factory product warranty in addition to the legal warranty is common. 

Only the larger manufacturers publish comprehensive warranty conditions, however. Usually details on 

the guarantee are published in the datasheets of the particular system or in a brief guarantee certificate. 

The factory guarantee covers defects related to material flaws and production errors and or a product 

exchange or factory repair in case of damage. Assumption of transport costs is not common. 

Table 1-13: Criteria in warranty and guarantee conditions for mounting systems 
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Forms/max. period [years]           

Warranty 2 2 2 2 2 

Factory product guarantee 10 10 10 15 10 

      

Warrantee           

End customer X   X   X 

First purchaser   X   X   

      

Damage           

Material and workmanship flaws X X X X X 

Visual flaws           

      

Services           

Exchange of product X X X X X 

Repair   X     X 

Acceptance of replacement costs   X     X 

Reimbursement of residual value X       X 
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Compensation for loss of revenue from reduced performance           

      

Conditions           

Installation as per installation instructions X X X X X 

Proper assembly X X X X X 

Normal use X X X X X 

Regular maintenance X X       

Use in original system         X 

Exclusion of liability for:           

Force majeure X X X X X 

Infringements of common regulations X   X X X 

 

Warranty claims can be accepted only if assembly was performed in compliance with the installation 

instructions by a qualified handicraft business. In addition, the static design must comply with the 

conditions in the particular application. Some guarantee conditions refer here to DIN 1055 (see 2.3.2 

Standards, Regulations and Guidelines). Disassembly of the mounting system or parts thereof for use 

in a different system is not expressly precluded, if the static requirements are met. Most manufacturers 

require regular maintenance of the system as a precondition for continuation of the warranty. They do 

not specify maintenance intervals or specific measures, however. 

 

1.4.2 Facilities for quality assurance and maintenance 

Besides the manufacturers of PV components, there exists a series of other institutions and facilities for 

ensuring the quality of PV systems. On the one hand, there exist normative specifications by the 

manufacturers, dealers and installers. On the other hand, industrial and professional associations as 

well as independent test centers offer further voluntary certifications and documentation templates. 

 

1.4.2.1 Quality assurance for the components 

The first step in quality assurance lies in the manufacturerôs quality checks during production. The 

corresponding normative specifications include ISO 2859 on ñSampling procedures for inspection by 

attributesò and ISO 3951 on ñSampling procedures for inspection by variablesò. The first refers to 

inspection characteristics that have the character of attributes, while the second focuses on constant 

product properties.  
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Both describe procedures for continual quality control in production and at goods issue, and state 

sampling sizes and scope. On the basis of these standards, intermediate dealers have developed their 

own processes for quality assurance.  

Compliance with quality standards can be monitored on a voluntary basis by independent test centers. 

For example, T¦V Rheinland offers ñpower-controlledò certification for module manufacturers. A 

precondition for the issue of a certificate is a high standard of quality assurance with particular attention 

to compliance with performance tolerances for modules. Several prominent module manufacturers both 

in and outside of Germany are availing themselves of this offer.  

Other institutes undertaking independent quality inspections for components are (in Germany) the 

Fraunhofer ISE, the VDE, PI Berlin and (internationally) Ispra, UL and JET, for example. 

For the further improvement of quality assurance for PV modules and the assessment of PV modules 

in solar parks, a research project is being jointly conducted between 2013 and 2017 by Sunnyside upP, 

ISC of Constance, RWTH Aachen, the Solarfabrik and TÜV Rheinland. The project is being supported 

with funding from the Federal Ministry for Economic Affairs and Energy (BMWi) on the basis of a 

resolution of the Bundestag with reference number 0325588D. 

 

1.4.2.2 Quality assurance for assembly and acceptance inspection 

At least as important as the quality of the employed components is the correct performance of assembly 

by the installer. Complaints by end customers pertain as much to improperly performed work as to 

defective components. This is equally true of damage-causing events, including fire, as will become 

clear in section 3.3 Damage and fire event analysis of PV systems. 

Damage from installation flaws noticed in due time are covered by the installerôs warranty. If this warranty 

has already expired, the end customer must pay for the damage themselves.  

For detecting defects in the system even prior to acceptance and for the best possibility of reacting to 

subsequent damage, DIN 62446 (VDE 0126-23) contains specifications on commissioning inspections, 

documentation and maintenance (see section 5.5). This standard expressly does not apply to systems 

with integrated power storage systems, however. The documentation is produced by the constructor of 

the system and provided to the end customer at commissioning. It contains a wiring diagram, product 

data sheets of all employed components and instructions on operation and maintenance.  

The wiring diagram consists of a sketch of the overall system up to the grid connection point and 

information on the individual components, such as manufacturer, component description, string size, 

rated current and voltage, position and accessibility. As instructions for further operation of the system, 

the owner is provided information in case of a system malfunction or emergency shutdown as well as 

information on the system condition and existing warranty claims. At this point the installer also has the 

possibility of leaving behind maintenance instructions. 

Regarding the commissioning inspection, DIN EN 62446 supplements IEC 60364-6, ñLow-voltage 

electrical installations ï Part 6: Verificationò (German implementation of DIN VDE 0100-600), dividing 

the inspection into viewing, measuring and testing. The visit comprises a visual inspection of the system 

according to criteria determined by the standard as well as a check of conformity of all components with 

common safety regulations. Testing and measurements contain every additional inspection of functional 

availability and safety of the system, in particular the application of measuring procedures described in 

the standard. DIN EN 62446 makes these general specifications for the case of a PV system and 

expands the test criteria of IEC 60364-6 along these lines. 
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As an orientation aid for the system documentation, several associations have issued standardized 

preprinted forms to ensure the quality of the documentation, such as the ñPV passportò; see section 

2.4.3. 

Another tool for ensuring quality are the RAL quality and test requirements for PV systems (RAL GZ-

966) compiling the common technical rules for installing and operating PV systems and serving as a 

template for technical terms of delivery. They contain a list of requirements on the production of 

components as well as on the planning, installation and maintenance of entire systems. In doing so, 

they capture at least the status of current standardization, while tightening the latter in a few points. The 

use of RAL GZ-966 in supply agreements is subject to a charge for the contractor and presupposes 

certification by the RAL Quality Association. To obtain this certification, the company must undergo an 

initial inspection and thereafter repeat inspections at intervals of at most two years, during which its 

capability for complying with RAL GZ-966 will be assessed. 

For PV power plants qualification services are provided by various institutes, test facilities and experts. 

The advantage is quality assurance parallel to construction, with a quality check by an independent third 

party at the acceptance inspection of the system. 

In addition, services that are focused on the certification of installation specialist companies (for 

example, by TÜV Rheinland) or on PV experts (for example, by the VDS (Association of German 

experts)) can ensure a high installation quality. 

 

1.4.2.3 Maintenance 

Instructions for the maintenance of low-voltage systems in general appear in DIN VDE 0105-100 

ñOperation of electrical installations ï Part 100: General requirementsò. Repeat inspections of the 

system must occur at appropriate intervals, so that any deterioration of safety conditions will be detected 

before damage to people or property occurs.  

As in the commissioning inspection, different measures for viewing, testing and measuring are provided 

for, which are not mandatory, however, but are to be implemented so as to exclude any detriment to 

system safety. The repeat inspections of PV systems are regulated in DIN EN 62446, which treats the 

commissioning inspection as a standard for the scope of the repeat inspections. The recommendations 

on maintenance and cleaning contained in the system documentation must also be followed. However, 

specific time intervals between the repeat inspections are not specified here either. To close this gap, 

DIN VDE 0100-712 is currently undergoing expansion, and will possibly recommend maintenance 

intervals between two and three years. 

A few guarantee conditions, in particular for inverters, also state measures for maintenance (see section 

2.4.1: ñManufacturerôs Warranty and Guarantee Conditionsò). 

While other countries, such as Switzerland, stipulate maintenance intervals for electrical energy 

producing plants (including PV systems) by law, Germany merely offers recommendations from 

insurance companies via standards and guidelines. Exceptions are individual cases of binding 

agreements between investors and operators, for example. 

Regular maintenance measures are the precondition for undisrupted and safe operation of the system. 

Faulty components or installations, environmental effects and general aging processes can lead to local 

overheating over the course of the operating period and in the worst case cause electric arcs. 
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1.4.3 Requirements by law and by institutions (VDS, GDV, BSW) 

 

The specifications of the particular regional building code with the corresponding requirements must be 

heeded. This applies also and especially to roof accessibility for fire extinguishing purposes and to the 

structural fire protection requirements. The system is commissioned and connected to the grid as per 

VDE AR 4105 and the general supply conditions (AVBEltV).  

Together with the Verband der Sachversicherer (VdS) (Registered Association of Property Insurers), 

the Gesamtverband der Deutschen Versicherungswirtschaft e.V. (GdV) (Registered Association of 

German Insurers) formulates guidelines for systems and products. These VdS guidelines basically 

comprise measures on personal, property and building protection for the purpose of damage prevention. 

The Technical Guideline for Photovoltaic Systems, VdS 3145, dated 07/2011, offers information from 

the insurersô perspective on selecting, planning, installing and operating grid-connected PV systems 

with the aim of avoiding or minimizing operational disruptions, fires and damage. Guideline VdS 2010 

on ñRisk-Oriented Lightning and Surge Protectionò authoritatively specifies the risk and protection 

classes for lightning and surge protection. Guideline VdS 2025 provides information on planning, 

designing, installing and operating cable and electrical line systems.  

Together with the German Electrical and Electronic Manufacturers' Association (ZVEH), the German 

Solar Industry Association (BSW) has developed the ñPV passport www.photovoltaik-anlagenpass.de. 

It basically consists of a multi-page form and inspection log for a professional inspection and 

documentation and specifies the guidelines to be followed in planning and installing the PV system (see 

also 8 Supplement, IX Appendices, c). 

 

  

http://www.photovoltaik-anlagenpass.de/
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2 Electric arcs: Physical background and DC issues 

Electric arcs are plasma currents and perceivable as searing light that is arc-shaped from a certain 

length, with typical crackling noises. The temperatures of an electric arc can reach several thousand 

degrees.  

While AC electric arcs have self-extinguishing properties owing to the voltage and zero-current 

crossings, DC electric arcs can generally burn with stability, which poses a considerable risk of fire. 

All electric arcs are accompanied by a high-frequency, electrical noise that can be registered in the 

conductor as well as through detection of the electromagnetic waves. The characteristics of a DC electric 

arc, for example, the way it can appear in the PV generator field, differ from those of an electric arc in 

the AC circuit. This will be explained in detail in the following.  

 

2.1 Definition and properties of an electric arc 

 

An electric arc is a gas discharge occurring between two electrodes in which an electrical potential 

difference causes an impact ionization, which in turn allows a continual flow of current. 

Above a certain temperature a conductive plasma is formed from the nitrogen in the air. This state can 

occur if contacts through which an electric current is flowing are pulled apart, for example. As the contact 

pressure of the contacts decreases, the transition resistance increases. Fusion will occur at points, 

followed by boiling of the contact material. The remaining metallic bridge finally explodes. An initial 

metallic vapor electric arc can become a stable gas discharge electric arc if the current and voltage are 

sufficiently high [3].  

 

Figure 2-1: Stable DC electric arc between copper electrodes, photo: TÜV Rheinland 

 

For a stable, freely burning electric arc to occur, sufficient voltage must be available to the electric arc. 

This electric arc voltage consists of the cathode drop, the anode drop and the column drop linearly 

dependent on the length of the electric arc. The minimum voltage for an (extremely short) electric arc 

thus consists of an anode drop and a cathode drop; no electric arcs are possible with a lower voltage.  

Both the minimum voltage and the minimum current of an electric arc depend on the material. In the 

case of copper, they are 13 V and 0.4 A, respectively, according to the literature [4]. Series of 

measurements performed at TÜV Rheinland have confirmed these magnitudes [5]: 
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Figure 2-2: Electric arc ignition limit determined on the basis of copper electrodes, source: TÜV Rheinland 

 

An electric arc emits very bright light in both the visible and UV light ranges and can cause eye damage. 

The electric arc itself is distinguished by extremely high temperatures of 10,000 K and higher [6], so that 

the resulting fire can easily spread to surrounding components. 

A powerful voltage flashover produces a very loud noise, comparable to a thunder clap, caused by the 

air escaping at ultrasonic speed from the discharge channel. In addition, the explosion-like spread of 

the hot air creates a pressure wave. In contrast, an arc flash of just a few amperes produces only a soft 

crackling and no perceptible difference in pressure. 

The electric arc emits electromagnetic radiation of frequencies up to the MHz range through cables as 

well as through the air. Unfortunately, no spectrum characteristic of all types of electric arc exists that 

would enable reliable identification of an electric arc in a PV system under any circumstances. 

Identification is possible based on certain shared properties of these spectra, however. The procedure 

is described in section 5.3.5 Electric arc detection. 
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2.2 Arc quenching 

 

The purpose of an arc quenching device is to increase the energy beyond what is necessary for 

maintaining an electric arc in the stable range and thereby to rupture the arc path. 

Generally this rupture is brought about by increasing the required arc voltage. The following measures 

are used with conventional switch elements: 

¶ Lengthening the electric arc column 

¶ Cooling the electric arc 

¶ Pressure on the electric arc 

¶ Segmentation of the electric arc 

Figure 2-3 shows schematically how these measures can be implemented in an arc quenching device. 

 

 

Figure 2-3: Different possibilities of electric arc quenching [4] 

 

2.2.1 Arc flashes in AC and DC systems 

Transmission and distribution of electrical energy occurs mainly in AC systems. Alternating current is 

distinguished by the periodic reversal of the current flow, which has a positive effect on the arc safety of 

electrical systems.  

As an AC voltage or alternating current approaches its zero-point crossing in the case of an existing 

electric arc, the current and voltage levels required for maintaining the arc are exceeded, which 

quenches the arc. 

A repeated voltage increase will often not cause re-ignition, since this would require a much higher 

voltage than that needed to maintain an electric arc. 
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Since the arc path is still partially ionized and heated by the pre-existing electric arc and leakage currents 

can occur along damaged insulation segments, a new flashover is still possible in unfavorable cases. In 

these cases, an intermittent electric arc occurs that is briefly extinguished twice per current period, in 

order to re-ignite again at sufficient voltage. 

The situation is different with a DC system, as is present in PV modules, the module wiring and the 

string distribution of a PV system up to the inverter. Here there is no zero-point crossing. Electric arcs 

persist and burn with stability as long as the voltage and current suffice for maintaining them. This can 

certainly be the case for longer periods of time (up to some ten minutes).  

Since DC electric arcs are not intermittent, but constant, their radiation has a different characteristic than 

that of AC arcs. For this reason DC and AC arcs cannot always be detected by the same method. 

 

2.2.2 Electric arc characteristics with different DC sources 

If an electric arc is supplied by an energy source, the U/I characteristics of the generator and the arc 

ignition boundary (see Figure 2-2) intersect. Figure 2-4 shows the arc ignition boundary for a fixed 

electrode spacing with the characteristics of a PV generator and an active linear two-terminal circuit 

(voltage source with an internal resistor) with identical no-load voltage and identical short-circuit current. 

We can clearly see that the PV generator characteristic intersects the electric arc ignition boundary. If 

on the other hand we compare the characteristic of the active linear two-terminal circuit with the electric 

arc ignition boundary, we find that no intersection occurs. The electrode spacing is too great to maintain 

the voltage of the arc at a given resistance.  

 

Figure 2-4: U/I characteristic of an active linear two-terminal circuit and of a PV generator and the electric arc 

ignition threshold with fixed contact spacing (schematic). 

 

As a consequence, electric arcs in PV systems can already remain stable longer with smaller contact 

spacing than in conventional DC systems, owing to the current source-like properties of the solar 

generator. In addition, switchgear designed for conventional DC sources cannot necessarily shut down 

a PV generator with the same parameters (ISC, UOC). 
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Summary 

An electric arc is a gas discharge (plasma) between two electrodes caused by impact 

ionization that allows a flow current depending on the material and the presence of 

minimum levels of current and voltage. In DC systems this current is not self-extinguishing.  

Because of their particular PV generator characteristic, PV systems support electric arcs 

in case of a fault. The electric arc issue therefore deserves special attention in reference 

to fire risks. 
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3 Safety and quality in photovoltaics ï risks and errors 

Besides structural properties (such as spacing), the material properties of the participating 

components are crucial in the development and spread of a fire. Here different factors like fire 

resistance, sustained combustion or smoldering or the possible dripping of burning parts determine 

the spread and ultimately the effects of a fire. Since polymer materials make up a significant share of a 

PV module, their properties in particular greatly influence fire behavior.  

The research project investigated two different scenarios of PV fire emergence.  

(1) Fires in or at the building and spreading to the installed PV system. 

(2) PV system as cause of fire given overheating with scorching or production of an electric arc at 

defective contact points in the module (or other components), corresponding to the damage 

analysis in section 3.3 

 

The assessment and requirements of the material properties differ in part among these scenarios. 

Finally, the materials should meet all requirements as much as possible.  

While section 3.1 considers the properties of a PV module regarding resistance to fire from an external 

source, section 3.2 analyzes the risks of arcing in a PV system and section 3.3 presents the results of 

a detailed damage analysis of actual events of overheating and PV fires in recent years in Germany.  

The requirements and approaches to preventing fire emergence within the PV system especially due to 

arcing are described in sections 3.5 and 3.6.  

 

3.1 Fire behavior of modules  

 

Different components of a photovoltaic system are combustible because of their polymer content. 

Section 4.6 describes in particular the composition of PV modules as they are mostly installed in existing 

PV systems in Germany. The polymer content of crystalline glass thick-film modules (c-Si) is 5 ï 10% 

[7], [8], [9], or about 600 ï 1,200 g/m². This content largely pertains to the embedding material (EVA 

embedding film) and the backing (PET/PVF). In addition, various adhesives and sealants are used, 

along with insulation materials in junction boxes, connecting cables and connectors.  

Given an assumed module area of 50 m² (approx. 38 standard modules, approx. 9 kWp), up to 60 kg of 

polymer materials thus come from the modules alone. Other polymers occur in string cables, junction 

boxes and inverters. 

Polymers generally produce a high combustion heat amounting to about the level from heating oil, 

according to a VDS publication [10], as in the case of polyethylene, for example (PE: 46 MJ/kg > heating 

oil: 43 MJ/kg), as illustrated in the following figure. 
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Figure 3-1: Combustion heat of different polymers compared with conventional heating substances [10] 

 

In the event of a fire involving a PV system, the fire behavior of the employed polymers and their mass 

in the components play an important role in fire development and spread.  

 

3.1.1 Fire tests (resistance to flying sparks and heat)  

PV modules forming part of a roof (building-integrated PV modules (BIPV)), are tested as roof coverings 

in Germany. Generally roofs must be sufficiently resistant to fire from external sources and to heat 

radiation. PV modules as roof components must meet these requirements. There are different test 

procedures for assessing the fire behavior of roofs with respect to external and internal sources. DIN 

VDE 0126-21 on ñPhotovoltaics in Buildingò declares the special requirements on BIPV modules. In 

addition, in its bulletin from 2012 the DIBt refers to the necessity of a general building authority test 

certificate (abP) with inspection as per EN 13501-5 (ENV 1187-1) or DIN 4102-7 for roof-mounted PV 

modules. 

On the other hand, PV modules of an elevated solar system are located outside the building envelope 

on roofs (ñhard roof coveringsò) and are not subject to any particular requirements of the building 

authority approval for fire protection in reference to resistance to flying sparks and heat, but they are 

regarding inflammability with min. normal flammability through DIN EN ISO 11925-2 and EN 13501-1, 

class E, as per requirements of the state building codes. 

Section 1.3.2 lists all the normative requirements on PV modules. A detailed description of the fire tests 

of PV modules including pass criteria provided for in Germany and internationally appears in a research 

report of the BAM from 2014 [11]. The research investigated fire behavior including emissions from PV 

modules in laboratories.  

Three of the most common types of modules were also studied in the fire lab. The identified fire behavior 

is described below, while pollutant emissions are discussed in detail in section 4.6. 
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3.1.2 Flammability and fire spreading 

A market review by Photon from 2012 (see section 4.6.3) revealed that the market share of crystalline 

modules as the clearly leading technology has remained relatively constant at 80% to 90%, while the 

share of all thin-film technologies in total lies between 10% and 20% (with a declining tendency in recent 

years). The Currenta fire laboratory conducted three series of experiments with the following 

technologies:  

¶ c-Si (crystalline thick-film module, glass film laminate)  

¶ CIS (thin-film module based on cesium indium selenium semi-conductors, glass film laminate)  

¶ CdTe (thin-film module based on cadmium telluride semi-conductors, glass-glass laminate)  

(see also section 4.6.6).  

An elevated solar system parallel to the roof and in a pitched position (23° incline) was emulated, with 

the fire spreading from the underside of the module (fire emergence scenario: influence of a roof timber 

fire). The experimental setup and performance of the experiment are described in detail in 4.6.6.1, the 

results can be found in IX Appendices in the Supplement. 

The experiments were performed underneath an exhaust hood based on ISO 9705, with an exhaust 

flow rate of about 1 m³/s. The following variables were measured for describing the fire behavior: 

¶ Heat release rate 

¶ Smoke production rate 

¶ Temperatures on front and back of the module 

¶ Mass loss of the modules and mass of the fire residue 

¶ Destroyed module surface 

 

Two different burner outputs of 25 kW and 150 kW simulated different levels of fire stress. 

In the 25 kW burner output experiments, only locally limited, otherwise primarily surface, damage 

occurred on all three module types. 

   

Figure 3-2: Damage from stress with 25 kW burner output, left: c-Si, center: CIS (transversely placed), right: 

CdTe (transversely placed) 
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At 150 kW burner output, on the other hand, all module types were destroyed over wide areas: 

   

Figure 3-3: Damage from stress with 150 kW burner output, left: c-Si, center: CIS (transversely placed), right: 

CdTe (transversely placed) 

 

Glass film modules (c-Si, CIS) 

The results of the lab tests can be summarized as follows: burning material already fell from test samples 

within about 1.5 ï 4 minutes; after 2 ï 4 minutes the backsheet became detached and a full-scale fire 

started after 6 ï 8 minutes. The upper glass plate burst after 7 ï 10 minutes. After about 12 minutes 

most of the combustible parts had already disintegrated. 

Glass-glass module (CdTe) 

This test sample already began dripping burning material after 2.5 minutes; the glass (rear side) 

fractured after about 4 minutes, and fire penetration occurred 30 minutes later. 

As long as combustible material was still present after the end of the flame impingement, all 3 test types 

subjected to the 150 kW burner continued burning for 2 ï 3 minutes. In the tests with merely 25 KW 

burner output no significant after-burning was determined. 

In other words, under relatively low stress, e.g. with a smaller electric arc turned off by an arc detector, 

no independent spread of fire occurred on these specimens.  

On the other hand, once a full-scale fire develops in a PV module, it can continue burning and thereby 

spread the fire to other elements. This is also the case with glass-glass modules. 

 

If we consider the heat release rate in these tests, we see that the fire develops primarily between 

approximately 4 minutes and about 12 minutes after the start of flame impingement, after which time it 

decreases relatively fast. Below we show this in the case of the c-Si module. The other two module 

types showed similar developments over time; merely the values differ.  
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Figure 3-4: Heat release rate of the c-Si module during the tests (red ï 25 kW, green ï150 kW burner, (blue ï the 

fire was extinguished after 7 minutes, so not relevant here) 

 

The fire tests conducted by experts from the Bundesanstalt für Materialforschung und -prüfung (Federal 

Institute for Materials Research and Testing, BAM) in a research project [12] on the fire behavior of PV 

modules contained several different series of tests, including a series with stress analogous to the test 

series described here, with a gas flame impinging from below. The burner output was merely 30 kW 

with a compact flame (spot stress as opposed to wide-area application in the tests performed in this 

project).  

  

Figure 3-5: Left: TÜV/Currenta test setup with surface burner, photo: TÜV Rheinland, right: BAM with point-like 

gas burner centrally positioned, photo: BAM [12] 

As results BAM found that:  
































































































































































































































































































































































































































































































































